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@ Novel isocyanate prepolymers and secondary amines from disecondary amines and alkyi 
diisocyanates. 



@ Disclosed are novel isocyanate prepolymers and novel secondary amines, both prepared from all<y! 

diisocyanates and secondary Isopropyl derivatives of polyoxyalkylene diamines. Tlie molar ratios, reaction 
procedures (i.e. inverse addition of reactants) and solvent determine the products, IVIost of the products are light 
colored and nongelied. 

The isocyanate prepolymers are useful in the field of polyurethanes and the novel secondary amines are 
useful in epoxy coatings applications. 
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NOVEL ISOCYANATE PREPOLYMERS AND SECONDARY AMINES FROM DISECONDARY AMINES AND 

ALKYL DIISOCYANATES 



This invention relates to products of polyoxyalkyiene amines and isocyanates. More particularly this 

invention relates to a series of new isocyanate prepolymers and secondary amines synthesized from alky! 
diisocyanates and disecondary amines. Still more particularly, this invention relates to novel compounds 
having, in one embodiment, active isocyanate terminal groups, two urea linkages, two alkyi groups and 

5 ether functionalities and, in another embodiment, terminal secondary amines and internal urea linkages. 
Both products are prepared by reacting an alky! dlisocyanate with an N,N -diisopropyl derivative of a 
polyoxyalkyiene diamine in the presence of polar solvent The reactants are essentially the same; therefore 
molar ratios and techniques in procedure are critical for obtaining an isocyanate prepolymer or a novel 
secondary amine. Products will differ depending on amine concentration. The reaction Is preferably 

10 conducted under nitrogen atmosphere at a temperature within the range of about O"* C to 100* C. 

IVlost of the isocyanate prepolymers were liquid with high viscosity, especially useful in the field of 
polyurethanes. The novel secondary amines had excellent color and viscosity properties and appeared very 
useful as epoxy coatings and in polyurea applications. The polyoxyalkyiene amine from which the 
diisopropyl disecondary amine is derived and the particular alkyI dilsocyanate affect the color and viscosity 

75 of the product. 

The reaction of isocyanates with amines is known in the art and is an extremely fast reaction. It has 
only been recently that higher molecular weight diamines could be made to react with diisocyanates In a 
controlled fashion. Work in this area led to the Reaction Injection Molding (RIM) process for the preparation 
of polyurea plastics. 

20 Reaction of poly isocyanates with polyamines that were soluble or partially soluble in water has often led 
to gel formation though it might have been expected there would be advantages to carrying out the reaction 
in water, in that the water would serve as a heat sink. 

In contrast to the isocyanate amine reaction, the reaction of alcohoi-isocyanate proceeds at a slower 
rate. The isocyanate polymers prepared from polyol and isocyanate are well-known and used widely in 
25 commercial processes, (see J.H. Saunders and K,C. Frisch, High Polymer Vol. XVI, polyurethanes: 
Chemistry and Technology (part 1) Intersclence publishers (1962)). 

In the references discussed below there is Information regarding the preparation and use of polyol- 
isocyanate prepolymers. 

Chung et al. disclose in U. S. patent No. 4,590.254 a poly(urethane-urea) which is prepared by reverse 
30 addition of an isocyanate-terminated prepolymer to an organic medium containing a chain extender such as 
hydrazine. 

In U. S. patent No. 4,617,349, Nasu et al. disclosed a urethane resin composition which comprises a 
polyisocyanate component having from 20/80 to 80/20 of a weight ratio on a solid basis of an a,a,a',a'- 
tetramethyl-xyiylene diisocyanate derivative to a hexamethylene dlisocyanate derivative and an acrylic 
35 polyol. 

In U.S. Patent No. 4,611,043 there is disclosed a coating composition prepared from (a) an isocyanate 
terminated prepolymer which comprises the reaction product of at least one polyurethane-forming reagent 
containing a plurality of Isocyanate groups and at least one polyfunctional polyhydric alcohol and (b) 
dicyclopentenyl alcohol. 

40 The above prepolymers were generally prepared from polyols and diisocyanates using a tin catalyst 

and elevated reaction temperatures. 

U.S. Patent No. 4,609,718, discloses a coating composition consisting essentially of a linear acrylate- 

terminated polyurethane oligomer, including urea groups, introduced by the presence In the oligomer of a 

reaction product with an isocyanate functionality of about 30% to about 90% by weight of the acrylate- 
45 terminated oligomer of a polyoxyalkyiene diamine having a molecular weight in the range of from about 

1000 to about 8000. 

It would be a novel method and a distinct advance in the art if a plant could use disecondary amines 
and alkyI diisocyanates to produce two different products, each a novel composition having very desirable 
properties for use in various related arts. 
50 AlkyI diisocyanates and derivatives of disecondary amines, including N,N -diisopropyl JEFFAMINE® 
amines, can be used to produce novel Isocyanate prepolymers or disecondary amines by varying molar 
ratio, order of addition and, in some cases, solvent 

It Is an object of the present invention to provide a method of preparing a series of novel isocyanate 
prepolymers and secondary amines exhibiting desirable structures and anrangements of groups and 
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linkages and also to provide a method which avoids gel formation. 

More specifically, in accordance with the present invention, there is provided in the first embodiment a 
process for the preparation of a series of novel isocyanate prepolymers which comprises reacting an alkyi 
diisocyanate with the secondary Isopropyl derivative of a polyoxyalkylenedlamine in the presence of a 
5 ketone solvent at room temperature and atmospheric pressure. Here the addition of excess diisocyanate to 
amine is important. The prepolymers generally are nongelled. but of high viscosity. In a second embodi- 
ment an excess of disecondary amine derivative is reacted with the alkyI diisocyanate In a polar solvent to 
produce novel secondary amines. The procedures and molar ratio allow the production of less viscous, 
nongelled products. 

10 The reaction procedures, molar ratios and solvent are important. Where Isophorone diisocyanate is 
reacted with the N.N.-diisopropyl derivative of an amine terminated polyethylene glycol the product can be 
represented In the first embodiment by: 




and in the second eiQi3odiment by: 



25 



>— NH (CH2CH2O) xCH2CH2j^C 




[HC-N(CH2CH20) xCH2CH2NH-<[ 

A 



30 



According to the present invention new secondary amine derived isocyanate prepolymers are formed 
which contain two active isocyanate terminating groups, two urea linkages, two alkyl groups and ether 

35 functionalities and are in the form of a high viscosity liquid. Using the same reactants a secondary amine 
having terminal secondary amines and containing alkyl and urea functionalities can be obtained by a 
controllable reaction and without undesirable gel formation. The molar ratio of reactants and inverse addition 
of isocyanate to excess amine in a polar solvent results in the formation of the novel secondary amines 
containing alkyl and urea functionalities while, in the first embodiment, where the molar ratio is adjusted to 

40 an excess of diisocyanate and the amine is added to the isocyanate in a ketone solvent, the same reactants 
result In novel isocyanate prepolymers containing polyoxyalkylene amine and alkyl functionalities. The 
reaction takes place over a period of hours at low temperatures. The amine products are generally light 
colored liquids with low viscosity. The prepolymers are generally more viscous light colored liquid products. 
The novel isocyanate prepolymers and secondary amines of the present invention contain as one of the 

45 principle reaction components an alkyl diisocyanate of the formula: 



50 



55 
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NCO 



CH3 



0==C=N-^^ ^CHg-^^ ^N=C=0 




(o] 



C-NCO or 0CN-(CH2)6NC0 



:h2NC0 

ch3 ch3 ch3-c-ch3 

NCO 



and an appropriate isopropyl secondary amme from the group of disecondary amines having the formula: 
>-NH(CH2CH20)xCH2CH2NH-< 

wherein x is a number having an average value of about 1 to about 3. 

The novel isocyanate prepolymers of this invention were prepared by the reaction of alkyi diisocyanates 
and disecondary amines in the presence of a polar solvent according to the following: 



NCO 



NCO 

I 0 



NCO 



>-NH(CH2CH20)3tCH^CH2NH-< + — ^ ^NHCN(CH2CH20)xGH2CH2NCNI^^^ 



The new secondary amines are prepared according to the following idealized reaction: 



NCO 



2 >-NH(CH2CH20)^CH2CH2NH-< + f^^^ — > NH(CH2CH20)3^CH2CH2NCNH- 

4^. ,^4.^co ^ 




- NHC-N- ( CH2CH2O l^CHgCHgNH— < 
A 



The AlkyI Diisocyanate 

The isocyanate component for the present invention may be any suitable isocyanate having the desired 
functionality- Diisocyanates are preferred in the process. The organic diisocyanate is preferably an alkyI 
diisocyanate. Although diisocyanates are preferred, other higher polyisocyanates can be used in combina- 
tion with diisocyanates and/or monoisocyanates. Examples of suitable aliphatic diisocyanates are aliphatic 
diisocyanates such as 1,6-hexamethylene diisocyanate, 1 ,4-cyclohexyl diisocyanate, isophorone 
diisocyanate, xylylene diisocyanate, m- and p- tetramethylxylylene diisocyanate, 4,4 methylene-bis- 
(cyclohexyl isocyanate), 2,2,4-trimethylhexamethylene diisocyanate, 2,4,4-trimethylhexamethylene 
diisocyanate and mixtures thereof. Substituted organic polyisocyanates can also be used in which the 
substituents are nitro, chloro, alkoxy and other groups which are not reactive with hydroxy groups or active 
hydrogens and provided the substituents do not adversely affect the Intended use of the diamine. 
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Preferred alkyl dlisocyanates for producing novel secondary amines, are isophorone diisocyanate and 
tetramethylxylene diisocyanate. 

^ I!!? Isopropyl Secondary Amine Derivative Reactant 

In general the disecondary amine starting material may be defined as a derivative of a polyoxyalkylene 

diamine or triannine. One group of appropriate polyoxyalkylene diamines tliat may be used are those sold 
by Texaco Cliemical Company as JEFFAMINE® D-series products having the formula: 

10 



15 



H2N-CH-CH2 '^0-CH2 -CH -NH2 



20 where R independently represents H or methyl and x is a number having an average value of about 2 to 
about 6. 

Another group of appropriate polyoxyalkylene diamines that may be used as a source of the 
disecondary amine derivatives are those sold by Texaco Chemical Co. as JEFFAMINE® EDR series 
products having the formula: 
25 H2N-CH2-CH2[-0-CH2-CH2]>c-NH2 
wherein x is 2 or 3. 

Representative products having this structural formula Include polyoxythylene diamines produced by 
Texaco Chemical Co. under the tradename JEFFAMINE® EDR amines, having the structure above where: 
X = 2 for JEFFAMINE® EDR-148 
30 X = 3 for JEFFAMINE® EDR-192 

The polyoxyalkylene diamines are alkylated according to the procedures in Patent Application Serial 
No. 07/135,798 to produce the N-isopropyl diamine derivatives used in the Examples of this invention. 

In that procedure the polyoxyalkylene diamine is reacted with acetone in the presence of a hydrogena- 
tion catalyst and hydrogen where the ratio of acetone to amine starting material is within the range of about 
35 1 .5 to about 3 mole equivalents of acetone per mole of primary amine group present in the amine reactant. 



Solvents 



40 Jn the method of this invention the solvent is essential for avoiding gel formation. 

Suitable solvents are those which are less reactive toward isocyanate groups than amino compounds. 
Generally suitable solvents are polar or those having a high dielectric constant. 

Examples of suitable polar solvents include acetone. Isopropanol and methyl t-butyl ether. Among the 
solvents studied were acetone and i-PrOH. Good results were obtained using with these two solvents. In the 
45 method for making prepolymers acetone was preferable. 

Preparation Of The Novel Isocyanate Prepolymer 

50 In the first embodiment it has been discovered that a novel isocyanate prepolymer is preferentially 
formed when an excess of alkyl diisocyanate, such as, for example, isophorone diisocyanate or tetramethyl 
xylene diisocyanate is added to an N,N -diisopropyl derivative of an amine terminated polyethylene glycol 
or polypropylene glycol at a temperature within the range of O'C to 180° C and preferably 10° C to 50° C 
for a reaction time within the range of about 1 to about 5 hours. 

55 In this embodiment the molar ratio is important. A ratio of 1 to 4 moles of diisocyanate per mole of 
disecondary amine will afford desired results and a ratio of 2.1 to 3.0 moles diisocyanate per mole amine is 
preferred. 

The novel prepolymers are generally light colored liquids with high viscosities containing two terminal 
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active isocyanate groups, two urea linkages, two alkyi groups and ether functionalities. Those skilled in the 
art will see the benefits and applications for a prepolymer possessing such an arrangement of functional 
groups. 

The reaction mixture will comprise an N,N'-diisopropyl disecondary amine which may be generally 
characterized by the following formula: 
NH(CH2CH20)xCH2CH2lMH 

wherein x is 2 or 3 and an afkyi diisocyanate, such as isophorone dilsocyanate, m- and p- tetramethylx- 
ylylene diisocyanate or 1 ,6-hexamethylene dilsocyanate etc. More particularly, the alky! dlisocyanate can be 
represented by one of the following formulas: 



NCO NCO 

If " CH3-C-CH3 CH3 

CH3-^[^^ NCO j-^^ C-NCO 0=C=N- (-CH2-) 6-N=C=:0 

CH3 ^CH3 



Where isophorone diisocyanate (IPDi) and the N,N -dlisopropy! derivative of an amine terminated 
polyethylene glycoi are used as reactants the product can be represented by the structure: 



NCO NCO 






.NH§N(CH2CH20) XCH2CH2NC] 

A A 



Preparation of the Novel Secondary Diamines 

It has also been discovered in accordance with the present invention that a novel secondary amine 
product is preferentially formed when an aikyi diisocyanate is added to an excess of the isopropyl diamine 
derivative under nitrogen atmosphere and at a temperature within the range of about 0 * C to 100* C for a 
reaction time within the range of about 1 to about 10 hours. Normally, the reaction will go to completion 
after a reaction time within the range of about 1 to about 4 hours depending on how fast the heat of reaction 
can be removed. 

The reaction is complete when essentially all the isocyanate groups of the alky! diisocyanates have 
reacted with amino groups of the diisopropyl secondary amine. 

The novel disecondary amines formed by the process of the present invention are generally light 
colored liquids having a molecular weight within the range of about 200 to 2000 and preferably from 350 to 
about 1000 and containing alkyI groups and an average of two urea linkages, 

A variety of molecular configurations are possible for the novel disecondary amine products of the 
present invention, depending on the starting materials. 

Where isophorone diisocyanate (IPDI) and the N,N -diisopropyl derivatives of JEFFAMINE® EDR-148 or 
EDR-192 are used as reactants, the product can be represented by the structure: 

11 xXs II 

>- NH(CH2CH20)xCH2CH2NCNH,|^^ |_NHC-N(CH2CH20) xCH2CH2NH-< 



A ^-^^ A 
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where 

X = 2 for JEFFAMINE® EDR-148 
X = 3 for JEFFAMINEts) EDR-192 

It has been demonstrated that the inverse addition of the dlisocyanate to the annlne is essential for 
6 obtaining less viscous or nongelled products. 

Generally an excess of amine is necessary. The molar ratio of isopropyl secondary amine derivative to 
diisocyanate reactant is in the range of 2,1 to 3. A range of 2.5 to 3 provides desirable results. 

The present invention will be further illustrated by the following Examples which are only for the 
purpose of illustration and are not to be regarded as limiting the invention in any way. 
10 In Examples 1-9 it will be noted that: (1) new isocyanate prepolymers were made containing 
JEFFAMINE® amine and isopropyl (alkyi) groups in the structure; (2) the ratio of isocyanate to amine is the 
important factor contributing to the product being in liquid form; (3) a ketone solvent is preferred. Other 
solvents such as diethyl ketone, methyl ethyl ketone are suitable, and (4) the Comparative Examples 
illustrate the importance of the choice of solvents. 



EXAMPLE 1 



20 

Adduct, of Isophorone Diisocyanate (IPDi) and N,N -dlisopropyl JEFFAlVilNE® EDR-148 



(3:1 molar ratio) 

25 

A 250 ml three-necked flask equipped with a thermometer, Dean-Stark trap, stirrer and nitrogen inlet 
line was charged with IPDl (66.6g, 0.3 mole). At room temperature, N.N -diisopropyl JEFFAMINE® EDR-148 
(23.2g, 0.1 M) in acetone (60g) was added dropwise over a 3 hour period. The maximum exothermic 
temperature at 30° C was recorded. After finishing the amine addition, the mixture was heated to 130° C (to 
30 remove solvent) and subjected to vacuum (ca. 40mm HG) for 30 minutes. The recovered light-brown liquid 
was analyzed (86.5g) for Isocyanate content. 4.3 meq/g (calc. 4.4 meq/g) and viscosity 5900 cs/50' C. 



EXAIVIPLE 2 



Adduct of Tetrametliyl Xylene Diisocyanate (TIVIXDi) and N,N -Diisopropyi JEFFAMINE^ EDR-148 



40 

(4:1 molar ratio) 

A 250 ml three-necked flask equipped with a thermometer, Dean-Stark trap, stirrer and nitrogen inlet 
line was charged with TMXD! (72.2g, 0.3M). At room temperature, N.N'-dilsopropyl JEFFAMINE® EDR-148 
45 (17.4, 0.075M) in acetone (60 ml) was added dropwise over a 1.5 hour period of time. The mixture was 
heated slowly to 120° C to remove solvent and further subjected to vacuum (ca. 40mm Hg) for 30 minutes. 
The recovered product was transparent, brown liquid (69g) having analyses of 4.6 meq/g (calc. 5.0 meq/g) 
for isocyanate and 7400 cs/25' C for viscosity. 

50 

EXAIVIPLE 3 



65 Adduct of Tetramethyl Xylene Diisocyanate (TMXDI) and N,N'-Diisopropyi JEFFAMINE» EDR-148 



(3:1 molar ratio) 
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(Comparative with Example 1) 

A 250 ml three-necked flask equipped with a thermometer, Dean-Stark trap, stirrer and nitrogen inlet 
line was charged with Tiy^lXDI (73,2g, 0.3 mole). At room temperature, N,N'-dilsopropyl JEFFAMINE® EDR- 
5 148 {23.2g, 0.1 IVI) in acetone (60 mi) was added dropwise over a 1.5 hour period of time. The mixture was 
heated slowfy to remove solvent and further subjected to 130^0 under vacuum for 30 minutes. The 
recovered material was a dark solid. 



10 EXAMPLE 4 



Adduct of Isophorone Diisooyanate (IPDI) and N,N -Dilsopropyl JEFFAMINE® EDR-192 

15 

(4:1 molar ratio) 

A 500 m! three-necked flask equipped with a thermometer, Dean-Stark trap, stirrer and nitrogen inlet 
20 line was charged with IPDI {88.8g, 0.4M). The solution of N,N'-diisopropyl JEFFAMINE® EDR-192 (27.6g, 
0.1 M) in acetone (60g) was added dropwise over 30 minutes. The exothermic reaction was subsided by 
ice/water bath with temperature control at 15-35° C during addition. Then the mixture was heated to remove 
acetone at <130° C and under vacuum at 130" C for 15 minutes. The resulting liquid product (112.5g) was 
analyzed: Isocyanate content 5.0 meq/g (calc. 5.2 meq/g), amine content 0.05 meq/g and viscosity 4800 
25 cs/25'C. 



EXAMPLE 5 

30 

Adduct, of Isophorone Dllsocyanate (IPDI) and N,N'-Dlisopropyl JEFFAMINE® EDR-192 



35 (3:1 molar ratio) 

A 250 mi three-necked flask equipped with a thermometer, Dean-Stark trap, stirrer and nitrogen inlet 
line was charged with IPDI (66.6g, 0.3IVI). The solution of N,N,-diisopropyl JEFFAMINE® EDR-192 (27.6g, 
0.1 M) in acetone (60g) was added dropwise over 30 minutes at a temperature of 20 « 34.C. The mixture 
40 was then heated to remove acetone and subjected to vacuum at 125°C for 15 minutes. The recovered 
product (90g) was a yellow, viscous liquid. The analyses indicated an isocyanate content of 4.2 meq/g (calc. 
4.3 meq/g), amine content 0.04 meq/g and viscosity 71,800 cs/25* C. 



45 EXAMPLE 6 



Usage of Sample from Example 5. Adduct of IPDI N,N'-i-Pr2 EDR-192 

50 

(3:1 molar ratio) 

The sample of Example 5 (lOg, prepared from IPDI and N,N'-i-propyl EDR 192 4,2 meq/g) and PPG- 
55 400 (polypropylene glycol most «400, 8.4g) and catalyst COCURE® 30 (urethane catalyst from Cosan 
Chemical Corp,) were mixed well and poured into a mold and cured at 95''C overnight to give a slightly 
flexible, transparent tough material. The above example was repeated except using 1 .4-butanediol (3.8g) 
instead of PPG-400, which gave a foam like, white solid with good integrity but brittle. 
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EXAMPLE 7 



5 Adduct of Isophorone Diisocyanate (IPDI and N,N'-Diisopropyl JEFFAMINE® EDR-192 



(2:1 molar ratio) 

10 The experimental procedures of the above Examples were repeated except charging IPDI (66.6g, 
0.3M), I-Pr2 EDR-192 (41 .4g, 0.1 SM) and acetone (60g). The reaction conditions were at room temperature 
for ca. 2.5 hours. After removing solvents, a seml-solld product (96g) was obtained. 



75 EXAMPLE 8 



Attempted Preparation of IPDI and i-Pr2 EDR-192 Adduct Without Using Solvent 
(4:1 molar ratio) 

A 260 ml three-necked flask equipped with a thermometer. Dean-Stark trap, stirrer and nitrogen inlet 
26 line was charged IPDI (88.8g). At room temperature, dilsopropyl JEFFAMINE(S> EDR-192 (27.6g) was added 
dropwise. During this process, a gei-formatlon was observed. It Is evident that a suitable solvent for this 
reaction is required. 



30 EXAMPLE 9 



Attempted Preparation of IPDI and i-Prz EDR-192 in i-ProH Solvent 
<4:1 molar ratio) 

A 250 ml three-necked flask equipped with a thermometer, Dean Stark trap, stirrer and nitrogen inlet 
40 line was charged with IPDI (88.8g. 0.4M) and l-ProH (50 ml). Then, N,N'-diisopropyl JEFFAMINE® EDR-192 
(27.6g, 0.1 M) was added dropwise for a 1 hour period of time at RT - 35* C. The solvent was then removed 
at 130'C at atmospheric pressure and at reduced pressure. A glossy solid product was obtained. In 
comparison to acetone solvent, isopropanol is a less suitable solvent. 

45 

EXAMPLE 10 



50 Usage of Example 19, (Adduct of IPDM-Pr2 EDR-148 

The mixture of Example 19 (15g) and EPON<S> 828 (8.7g) were mixed and cured at 95' C overnight. The 
resulting material was a light-colored, transparent, tough and hard solid at room temperature and softened 
when heated. 

5S 

EXAMPLE 11 



9 



EP0 408 211 A1 



Usage of 6322-53 (Adduct of TMXDi-i-Prs EDR-148) 

The mixture of Example 16 (15g) and EPON® 828 (7.6g) was cured at 95*C overnight. The resulting 
material was soft at elevated temperature and hard but brittle at room temperature. 



COMPARATIVE EXAMPLE 12 



10 

Adduct of N,N -diisopropyl EDR-148 and Isophorone Diisooyanate (IPDI) at 2r1^ Molar Ratio in 
Acetone 

A 250 ml three-necked flask equipped with a thermometer, Dean-Stark trap, stirrer and nitrogen Inlet 
75 line was charged with IPDI (33.3g. 0.1 5M). Then, the solution of N,N'-diisopropy! EDR-148 (69.6g, 0.30M) in 
100g acetone was added dropwise at 23«40'c over a three hour period of time. After the addition, the 
mixture Was heated to 120' C (maximum temperature) to remove solvent and further subjected to reduced 
pressure at 120° C for 20 minutes. The resulting product was a light-colored semi-solid (94g). The analyses 
indicated 2.9 meq/g total amine (calc. 2.9 meq/g) and 58,000 csySO" C for viscosity. 



EXAMPLE 13 (6322-49) 



26 

Adduct of N,N'-dilsopropyl EDR-192 and IPDI at 2:1 Molar Ratio in Acetone 

The same experimental procedures were used as the above example except IPDI (22,2g, 0.1 M) was 
employed along with N,N -diisopropyl EDR 192 (55.2g, 0.2M) and acetone solvent (80g). The resulting 
30 product (74.5g) was a transparent light-yellow liquid with an amine content of 2.68 meq/g (calc. 2.60 meq/g) 
and a viscosity of 1100 cs at 50* C. 



EXAMPLE 14 



Adduct of IPDI and N,N'-diisopropyi BIsaminoethyi Ether (BAEE) at 1:3 Molar Ratio in Acetone and 
Cellusolve Acetate 

40 

A 250 ml three-necked flask equipped with a thermometer, Dean-Stark trap, stirrer and nitrogen inlet 
line was charged with IPDI (40g, 0.1 3M) and cellusolve acetate (40M). Then, the solution of N,N'-diisopropyl 
BAEE (68g, 0.36M) in acetone (68 ml) was added dropwise at 23»31 " C over a 2 hour period of time. The 
mixture was heated to 130 "C to remove acetone solvent. The resulting product mixture (149g, containing 
45 cellusolve acetate solvent) has an amine content of 2.53 meq/g. The product was a transparent, light- 
colored liquid. 



EXAMPLE 15 



Adduct of Tetramethylxylene Diisocyanate and N,N -diisopropyl EDR-192 (Molar Ratio 1:2) In 
Acetone 



A 250 ml three-necked flask equipped with a thermometer, Dean-Stark trap, stirrer and nitrogen inlet 
line was charged with tetramethylxylene diisocyanate (TMXDI) (24.4g, 0.1 M), and acetone (30g). The 
mixture of N.N'-diisopropyl EDR«192 (55.2g. 0.2M) and acetone (55g) was added dropwise at 12-30''C 
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over 25 minutes. Then, the mixture was heated to 120'C to remove acetone solvent. The final product 
mixture was a brown liquid (76.5g) with a total amine content of 2.47 meq/g and viscosity of 4200 cs/38' C. 



EXAMPLE 16 



Adduct of TMXDI and N,N -diisopropyi EDR-148 Molar Ratio at 1^ in Acetone 

The procedures of Example 15 were repeated except using TMXDI (36.6g, 0.1 5M) and acetone (30g), 
which was added with l-Pra EDR-148 (69,6g 0.3M) in acetone (70g). The resulting product was a viscous 
brown liquid with analyses of 2.71 meq/g for total amine and viscosity of 3400 cs/50' C. 

75 

EXAMPLE 17 



20 Adduct of N,N'-diisopropyl EDR-148 and Isophorone Dilsocyanate at 2:1 Molar Ratio in Acetone 



A 250 ml three-necked flask equipped with a thermometer, Dean-Stark trap, stirrer and nitrogen iniet 
line was charged with N,N'-diisopropyl EDR-148 (69.6g, 0.3l\yi) in acetone (70g). The solution of isophorone 
dilsocyanate (33.3g, 0.1 5M) In acetone (30g) was added dropwise over a 15 minutes, period of time. The 
26 reaction temperature was kept at 15«22' C by an Ice water bath. After completing the addition, the mixture 
was heated to 130° C to remove acetone solvent and subjected to reduced pressure at 130° C for about 1 
hour. The resulting product was a viscous, light-colored liquid with the analyses of 4900 cs/50 C for 
viscosity and 2.95 meq/g for amine content. In comparison with Example (12), the reverse addition of 
isocyanate to amine produced a less viscous product which is more desirable for many applications. 



EXAMPLE 18 



35 

Adduct of IPDI and N,N -diisopropyi EDR 148 (1:2 Molar Ratio) in l-Propanol 

A 250 ml three-necked flask equipped with a thermometer, Dean-Stark trap, stirrer and nitrogen inlet 
line was charged with IPDI (33.3g, 0.1 5M) and i-propanol (30g). With stirring and cooling, the solution of 
40 N,N'-diisopropyl EDR-148 (69.6g, 0.3M) and i-propanol (70g) was added dropwise at 22-35' C over a 1 hour 
period of time. The mixture was heated to 130" C to remove i-propanol solvent and further subjected to the 
reduced pressure for 30 minutes. The resulting product was a transparent, viscous, light-colored liquid. The 
analyses indicated 2.96 meq/g for total amine content and 4100 cs/50 ' C for viscosity. 

45 

EXAMPLE 19 



50 Adduct Of IPDI and N,N -diisopropyi EDR 148 (1^ Molar Ratio in l-Propanol) 

In comparison with the previous example, the following example involves a technique of "inverse 
addition." 

A 250 ml three-necked flask equipped with a thermometer. Dean-Stark trap, stirrer and nitrogen inlet 
55 line was charged with N,N'-diisopropyl EDR-148 (69.6g, 0.3M) and i-propanol (70g). With stirring and 
cooling, the solution of IPDI (33.3g, 0.1 5M) in i-propanol (30g) was added dropwise at «25" C over about a 2 
hour period of time. The mixture was then heated to 135* C to remove solvent and further subjected to the 
reduced pressure. The resulting product mixture was a light-colored, viscous liquid (lOOg). The analyses 



11 



EP 0 408 21 1 A1 



indicated the content of total amine was 3.09 meq/g and the viscosity was 3000 cs/50 C. The inverse 
addition of diisocyanate to diamine appeared to give a less viscous product. 



EXAMPLE 20 



10 
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Adduct of PIDI and N,N -dilsopropyl EDR-148 (at 1:2 Molar Ratio) in MTBE 

A 250 ml three-necked flask equipped with a thermometer, Dean Stark trap, stirrer and nitrogen inlet 
line was charged with N,N'-diisopropyl EDR-148 (34.8g, 0.15M) and methyl t-butyl ether solvent (35g). With 
stirring and cooling, the solution of IPD! (16.7g) in MTBE (15g) was added dropwise at 25-35° C (exothermic 
reaction) over a 1 hour period of time. The mixture was heated to ca. 140* C to remove solvent and further 
subjected to the reduced pressure. The resulting product (46g) was a light-coiored, viscous liquid. The 
analyses showed an amine content of 3.38 meq/g and viscosity of 4100 cs/38° C, 
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Claims 

1. A process for forming products having urea groups byreacting isocyanates and amines, characterised in 
that a N,N^-diisopropyl disecondary polyoxyalkylene amine and an aikylene diisocyanate are reacted in a 
polar solvent. 

2. A process according to claim 1 characterised in that the N,N^-diisopropyl disecondary polyoxyalkylene 
amine has the formula 



30 



Pr^NH-CH-CH2 - O-CH2-CH - NHPr^ 



35 



40 



wherein R is H or methyl, Pr' is isopropyl and x is 2 to 6. 

3. A process according to claim 1 characterised in that the N,N^-diisopropyi disecondary polyoxyakylene 
amine is the N,N^-diisopropyl derivative of diethylene glycol diamine, triethylene glycol diamine, 
tetraethylene glycol diamine, or a mixture thereof. 

4, A process according to any one of Claims 1 to 3 characterised in that the aikylene diisocyanate has the 
formula 



45 



50 



KCO 




CH2NCO 



CH3 
I 

C-NCO 
I 



CH3-C-CH3 
/ 

NCO 



55 or 0CN-(CH2)g-NC0. 

5. A process according to any one of claims 1 to 4 characterised in that the polar solvent is a ketone, 
isopropanol or methyl t-butyl ether. 

6. A process according to any one of claims 1 to 5 characterised In that the isocyanate is added to the 
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amine whereby to produce a product having terminal secondary amine groups and internal urea linkages. 
7. A process according to claim 6 characterised in that the product has the formula 



10 



15 



NH(CH2CH20) XCH2CH2NC-R' -NHC-N {CH2CH2O) xCH2CH2NH-< 

A A 



wherein x is 2 or 3 and R represents the reaction residue from the reaction of isophorone diisocyanate or 
tetramethyl xylene diisocyanate. 

8. A process according to claim 7 characterised in that the product has the formula 



NH (CH2CH2O) xCH2CH2j|TC: 




O 



HC-N(CH2CH20) xCH2CH2NH-< 

A 



20 



wherein x is 2 or 3. 

9. A process according to any one of claims 1 to 5 characterised In that an excess of the isocyanate is 
reacted with the amine to form a product having active Isocyanate terminal groups, two urea linkages and 

25 two alkylene groups. 

10. A process according to claim 9 characterised in that the product has the formula 




wherein x is 2 or 3. 



40 



45 



50 



55 



13 



J 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 



EP 90 30 6944 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of docuinent with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. CI.5) 



EP-A-0 322 089 (TEXACO) 

* Claims 1-6; page 3, lines 36-58; examples 1-6 * 

US-A-3 943 1 58 (W. DIETRICH et al.) 

* Claim 1; column 2, line 32 - column 3, line 27 * 

FR-A-2 303 036 (TEXACO) 

* Claim 1 * 



1-4,10 



1-4.10 



The present search report has been drawn up for all claims 



C08G 18/32 
C08Q 18/80 
C 08 G 59/40 
C 07 C 275/18 
C 07 C 275/24 
C 07 C 275/26 



TECHNICAL FIELDS 
SEARCHED (Int. CI.5) 



C08G 
C07C 



Place of search 



The Hague 



Date of compietlon of search 

06 November 90 



VAN PUYMBROECK M.A. 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant if taken alone 
Y : particularly relevant if combined with another 

document of the same caiagory 
A : technological background 
0 : non-written disclosure 
P: intermediate document 
T : theory or principle underlying the invention 



E : earlier patent document, but published on. or after 

the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



